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ABSTRACT 
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The concept  of  launching a Space S h u t t l e  second s t a g e  
( O r b i t e r )  wi th  a Sa turn  V S-IC stage from LC-39 appears  f e a s i b l e  
so long as t h e  l eng th  and conf igu ra t ion  of t h e  O r b i t e r  are c o m -  
p a t i b l e  wi th  t h e  LUT. I n  t h i s  way, t h e r e  w i l l  be a minimal 
impact on launch complex hardware from a modi f ica t ion  and c o s t  
s t andpo in t .  

Assuming an autonomous checkout c a p a b i l i t y  f o r  t h e  
O r b i t e r ,  t h e  pad tes t  and countdown requirements  would be con- 
s i d e r a b l y  less than  f o r  t h e  Apollo/Saturn V. This would permi t  
a r e l a t i v e l y  high launch rate depending on t h e  number of L U T ' s  
used. Assuming a range of 15  t o  30 days LUT re furb ishment  t i m e  
a f t e r  each launch,  t h e  launch rate achievable  i n c r e a s e s  markedly 
a s  t h e  on-pad t i m e  decreases .  
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MEMORANDUM FOR FILE 

A r e c e n t  memorandum (Reference 1) d i scussed  series 
development of t h e  O r b i t e r  and b o o s t e r  stages of t h e  space 
s h u t t l e .  I n  t h i s  concept ,  t he  r eusab le  Orb i t e r  (second s t a g e )  
i s  developed ahead of t h e  reusable  booster (f irst  s t a g e )  by 
f l y i n g  t h e  O r b i t e r  wi th  a Saturn V f i rs t  stage (S-IC). Recog- 
n i z i n g  t h a t  t h e  s h u t t l e  conf igu ra t ion  i s  q u i t e  f l u i d  a t  p r e s e n t ,  
t h e r e  are s e v e r a l  proposed conf igu ra t ions  which could be flown 
a t o p  an S-IC stage wi thout  ex tens ive  mod i f i ca t ions  t o  LC-39 
launch hardware. The purpose of t h i s  memorandum i s  t o  b r i e f l y  
p r e s e n t  t h e  f e a s i b i l i t y  of  launching an Orbiter/S-IC c o n f i g u r a t i o n  
from LC-39. 

1. ORBITER/S-IC CONFIGURATION 

The shape of t h e  O r b i t e r  i s  t h e  main area of concern 
i n  an Orbiter/S-IC v e h i c l e  f o r  a launch f r o m  LC-39. 
impact on launch hardware depends on t h e  Orbiter/S-IC o v e r a l l  
l e n g t h  being t h e  s a m e  as t h a t  of t h e  Apollo/Saturn V. 
poses of t h i s  d i s c u s s i o n ,  s e v e r a l  broad assumptions are made: 

For i n s t a n c e ,  

For pur- 

a.  The S - I C  length  w i l l  n o t  change (=140 f t ) .  

b. The in t e r f ace -adap te r  between t h e  O r b i t e r  
and t h e  S-IC is approximately 1 0  f t .  i n  
length .  

c. The l eng th  of  t h e  o r b i t e r  i s  183 f t .  

A gene ra l  comparison between an Orbiter/S-IC, t h e  ApoIlo/ 
Sa turn  V ,  and t h e  Launch Umbilical T o w e r  (LUT) i s  shown i n  F igure  1. 
A concept  of t h e  Orbiter/S-IC mated t o  t h e  LUT i s  presented  i n  
F igure  2 .  
r e a d i l y  seen i n  F igu re  2 since t h e  LUT swing a r m s  do n o t  have t o  
be moved. LUT swing a r m s  #1, # 2 ,  # 4 ,  #8 ,  and # 9  would remain. 
Swing arms #3, #5 ,  #6, and #7 would be removed o r  permanently swung 
a s i d e  s i n c e  they  would n o t  be r equ i r ed .  Removal i s  t h e  b e t t e r  
choice  t o  prec lude  b l a s t  damage from t h e  F-1 engines  a f t e r  l i f t o f f .  

The importance of t h e  l eng th  of t h e  O r b i t e r / S - I C  can be 
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2. S-IC SERVICING 

A l l  s e r v i c i n g  interfaces (swing a r m ,  u m b i l i c a l s ,  e t c . )  
remain i d e n t i c a l  t o  t h a t  for  a normal Apollo/Saturn V launch,  
i n c l u d i n g  t h e  holddown a r m s  and t a i l  s e r v i c e  m a s t s .  Se rv ic ing  
du r ing  pad ope ra t ions  would be i d e n t i c a l  t o  t h a t  performed dur ing  
Apollo/Saturn V ope ra t ions .  

3 .  ORBITER SERVICING 

A s  i n d i c a t e d  i n  F igure  2 ,  a l l  o rb i te r  s e r v i c i n g  
( p r o p e l l a n t s ,  gases ,  e tc . )  would be provided a c r o s s  swing arm # 4 .  
This  i n c l u d e s  loading o r  unloading LOX and LH2 as w e l l  as elec- 
t r i c a l  and pneumatic connect ions.  Swing arm # 8  would be used t o  
provide  a i r - cond i t ion ing ,  vent ing ,  ins t rument  coo l ing ,  and elec- 
t r i c a l  o r  pneumatic services f o r  t h e  O r b i t e r  payload. F l i g h t  
c r e w  and/or passenger loading could be accomplished a c r o s s  swing 
a r m  #9 through t h e  white  room i n  t h e  s a m e  manner as f o r  t h e  
Apollo/Saturn V. R e t r a c t i o n  of a l l  swing a r m s  du r ing  launch 
o p e r a t i o n s  would remain t h e  s a m e  as i n  a normal Apollo/Saturn V 
launch ( i n d i c a t e d  i n  F igu re  2 ) .  

4. PAYLOAD 

For t h e  Orbiter/S-IC v e h i c l e ,  it i s  assumed t h a t  t h e  
payload w i l l  be i n t e g r a t e d  with t h e  v e h i c l e  i n  t h e  VAB. I f  
e x t e r n a l  access t o  t h e  payload i s  r equ i r ed  a t  t h e  pad, a s p e c i a l  
p l a t fo rm arm may have t o  be added t o  t h e  LUT. This  would n o t  be 
a p a r t i c u l a r l y  expensive modi f ica t ion ,  b u t  might become necessary  
s i n c e  t h e  MSS would n o t  be used a t  t h e  pad.* 

5.  TEST FLOW 

The tes t  f l o w  a t  KSC i s  considered i n  t w o  phases .  

a. Pre-Rollout - This  p o r t i o n  of t h e  o v e r a l l  t es t  
flow encompases r e c e i v i n g ,  i n s p e c t i o n / r e p a i r ,  
and pre-mate checkout of both t h e  S - I C  and 
O r b i t e r  s t a g e s .  Checkout of t h e  S-IC would 
c l o s e l y  fol low c u r r e n t  procedures .  Checkout 
can only be surmised f o r  t h e  O r b i t e r  s i n c e  it 
might i nc lude  some refurbishment  a f t e r  i t s  
previous  mission. A g r e a t  d e a l  of autonomous 
checkout is  assumed. 

*Conceivably, t h e  MSS would n o t  be r equ i r ed  t o  suppor t  
Orbiter/S-IC pad ope ra t ions .  
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A f t e r  t h e  i n d i v i d u a l  s t a g e s  are checked o u t ,  
they  are t r a n s f e r r e d  t o  t h e  LUT ( i n  t h e  VAB) 
and mated i n  p repa ra t ion  f o r  move t o  t h e  pad. 

b .  On-Pad - After  t h e  Orbiter/S-IC has  been 
s tacked  on the  LUT, t h e  Crawler-Transporter 
(CT) t r a n s p o r t s  t h e  e n t i r e  assembly t o  t h e  
pad. The t i m e  s p e n t  a t  t h e  pad depends on 
(1) LUT/pad mating and i n t e r f a c e  v e r i f i c a t i o n  
requirements ,  ( 2 )  on-pad t e s t  requirements ,  
and (3 )  launch (countdown) requirements .  
Assuming an autonomous checkout c a p a b i l i t y  f o r  
t h e  O r b i t e r ,  the  pad t e s t  and countdown r e q u i r e -  
ments would be cons iderably  less than t h a t  f o r  
an Apollo/Saturn V. Based on p r e s e n t  LUT/pad 
mating and i n t e r f a c e  v e r i f i c a t i o n  requirements ,  
t h e  minimum on-pad t i m e  f o r  an Orbiter/s-Ic 
would be 1. - 5 days. 

6 .  LAUNCH RATE 

The launch rate a t  LC-39 f o r  an Orbiter/S-IC would be 
governed by t h e  s a m e  t h i n g s  t h a t  a f f e c t  t h e  launch ra te  f o r  t h e  
Apollo/Saturn V ( t h i s  refers t o  t h e  " i d e a l "  o r  maximum rate  
p o s s i b l e ) .  The Orbiter/S-IC launch ra te  can t h e r e f o r e  be given as: 

365 Pn - - 
Lr T + R1 

P 

Where: Lr i s  t h e  i d e a l  launch ra te  ( v e h i c l e s / y e a r ) ,  Pn=the no. of L U T ' s ,  

T = t h e  on-pad t i m e  from r o l l o u t  t o  launch ( d a y s ) ,  and 
P 

R1 = t h e  LUT refurbishment t i m e  (days ) .  

* 
Some i n t e r e s t i n g  r e s u l t s  of t h i s  are shown i n  F igure  3. 

1. The launch rates p o s s i b l e  are g e n e r a l l y  h igher  
than expected. 

2 .  Assuming a range of 15 t o  30 days LUT r e f u r b i s h -  
ment t i m e  a f t e r  each launch,  t h e  launch ra te  
i n c r e a s e s  r a p i d l y  as t h e  on-pad t i m e  decreases. 

*It i s  emphasized t h a t  t o  achieve  t h e  maximum launch ra te ,  a 
seven-day work week i s  assumed. 
be reduced 14% us ing  a six-day work week and 2 8 %  us ing  a five-day 
work week. 

The launch ra tes  achievable  would 
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7 .  LAUNCH COSTS 

Figure  4 i s  presented t o  g i v e  some idea of t h e  effect  
of tes t  flow requirements  on KSC costs v s  t h e  launch ra te .  The 
f i g u r e  i s  based on a c t u a l  Apollo/Saturn V d a t a ,  and shows t h a t  
t h e  c o s t  curve begins  t ape r ing  o f f  a t  h ighe r  launch rates. Con- 
s i d e r i n g  " i d e a l "  launch rates,  t h e  estimated O r b i t e r / S - I C  launch 
c o s t s  are shown i n  F igure  5 as a func t ion  of t h e  launch ra te  and 
on-pad t ime.* LUT requirements are also i n d i c a t e d .  One conclus ion  
t o  be drawn from Figure  5 i s  t h a t  f o r  a f i x e d  budget,  t h e  program 
would g e t  morefor i t s  money ( i n  t e r m s  of more launches)  w i t h  
shorter  on-pad requirements.  

8 .  SUMMARY AND CONCLUSIONS 

Recognizing t h a t  t h e  space S h u t t l e  conf igu ra t ion  i s  
q u i t e  f l u i d  a t  p r e s e n t ,  t he re  are s e v e r a l  proposed O r b i t e r  conf ig-  
u r a t i o n s  which could be flown a t o p  a Sa turn  V S - I C  stage should 
series development of t h e  Orb i t e r  and booster s t a g e s  of t h e  
S h u t t l e  be adopted. A f t e r  b r i e f  examination of t h e  Orbiter/S-IC 
concept ,  it i s  concluded t h a t :  

1. 

2. 

3. 

4 .  

Launching an Orb i t e r  s t a g e  wi th  a Sa turn  V S-IC 
s t a g e  appears  feasible so long  as t h e  l e n g t h  and 
conf igu ra t ion  of t h e  O r b i t e r  are compatible w i t h  
t h e  LUT. 

Assuming an autonomous checkout c a p a b i l i t y  f o r  
t h e  O r b i t e r ,  t h e  pad tes t  and countdown requ i r e -  
ments would be cons iderably  less than  t h a t  fo r  
t h e  Apollo/Saturn V. 

Assuming a range of 15  t o  30 days LUT r e f u r b i s h -  
ment t i m e  a f t e r  each launch,  t h e  achievable  launch 
r a t e ' i n c r e a s e s  r a p i d l y  as t h e  on-pad t i m e  decreases. 

The use of m o r e  than one LUT would s i g n i f i c a n t l y  
i n c r e a s e  t h e  maximum possjible launch rate.  

2032-CHE-tla 

A t t a c h s .  

*The "launch costs" referred t o  h e r e  inc lude  only launch c r e w ,  
ope ra t ion  of t h e  launch complex, p r o p e l l a n t  c o s t s ,  c r e w  costs,  and 
v e h i c l e  maintenance and r e p a i r .  



BELLCOMM. INC. 

REFERENCES 

1. "Space S h u t t l e  Development wi th  Bu i l t - In  Contingency" 
C a s e  - 105-3 Bellcomm Memorandum f o r  F i l e  Dated 
September 3 0 ,  1 9 6 9  by D. E .  Cassidy. 

2 .  Handbook of Ast ronaut ica l  Engineering. 

3. "On t h e  Economy of Recoverable Two-Stage O r b i t a l  Carr ier  
Vehicles"  ARS Paper 1011-59, November, 1959 by 
H. H. Koelle and H.  Thomae. 



APOLLO S/V 

r 1 

1W 

SPACE SHUTTLE /SIC 

MOBILE LAUNCHER / LAUNCH UMBILICAL TOWER ( M L  / LUT) 

FIGURE 1 



a 

/"w I I 



40 

35 

30 

A 

25 
> 
v) w 
J 

I 
w > 
w 20 
I- 

1 

0 

- 
d 

4 

r u 
2 
3 

I 15 K 
J 

10 

5 

0 

FROM ROLLOUT TO LAUNCH 

0 10 20 30 40 50 60 
Tp-ON-PAD TIME (DAYS) 

FIGURE 3 -.ORBITER/SIC LAUNCH RATE AS A FUNCTION OF LUT'S USED AND PAD TEST FLOW 
REQUIREMENTS. 



. 
50C 

40C 

con 
2 
e 
G 
8 

X 

30( 

20( 

10C I I I I I 

LR-LAUNCH RATE (VEH.NR.1 

FIGURE 4 - APOLLOBATURN V COSTS AS A FUNCTION OF LAUNCH RATE 

I I I I I 

LR-LAUNCH RATE (VEH.NR.1 
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